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The laser-induced precession of magnetization in (Ga,Mn)As samples with 
different magnetic anisotropy was studied by the time-resolved magneto-optical 
method. We observed that the dependence of the precession amplitude on the 
external magnetic field depends strongly on the magnetic anisotropy of 
(Ga,Mn)As and we explain this phenomenon in terms of competing cubic and 
uniaxial anisotropies. We also show that the corresponding anisotropy fields can 
be deduced from the magnetic field dependence of the precession frequency. 
 
 
In the last decade, the diluted magnetic semiconductor (Ga,Mn)As attracted significant 
attention due to the fact that in this material the ferromagnetic order originates from the 
interaction between itinerant holes and localized Mn moments.1, 2 The magnetic properties 
are, therefore, sensitive to the carrier concentration that make this material a rather interesting 
model system for the basic research.3 In particular, the magnitude and/or the orientation of 
magnetization can be modified on the picosecond time scale. 4, 5  
In 2005, it was revealed that the optical excitation of (Ga,Mn)As by femtosecond laser 
pulses triggeres a precession of ferromagnetically coupled Mn spins.5 Since then, the photo-
induced precession of magnetization has been investigated by several groups.6-10  It was 
concluded that the precession of magnetization is a consequence of the laser pulse-induced 
change of the magnetic anisotropy. But the exact mechanism is still under debate. 6-12 
Recently, we have shown that the magnetic anisotropy can be modified by laser pulses not 
only due to the temperature increase but also due to the increase of holes concentration.11 The 
precession of magnetization was studied in various (Ga,Mn)As samples and the influence of 
the Mn doping9, 10 and  of the thermal annealing8, 9 was investigated. Nevertheless, the role of 
a magnetic anisotropy on the precession amplitude was not addressed in detail up to now.  
The interpretation of the experimental results reported by different groups is 
significantly complicated by the fact that (Ga,Mn)As is, in principle, a disordered material. 
Therefore, a special care has to be taken when generalizing any phenomenon obtained in one 
particular sample to the universal behavior of this material system. Recently, we have 
reported on a systematic study of optical and magneto-optical properties of optimized set of 
(Ga,Mn)As epilayers spanning the wide range of accessible substitutional MnGa dopings.13 
The optimization of the materials in the series, which is performed individually for each 
nominal doping, minimizes the uncertainties in the sample parameters and produces high 
quality epilayers which are as close as possible to uniform uncompensated (Ga,Mn)As mixed 
crystals. For each nominal Mn doping x, the growth and post-growth annealing conditions 
were separately optimized in order to achieve the highest Curie temperature Tc attainable at 
the particular x.13 In this paper we report on a detailed study of the laser induced-precession of  
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magnetization in two optimized (Ga,Mn)As samples that have a markedly different magnetic 
anisotropy. In particular, we show that the dependence of the precession amplitude on the 
external magnetic field depends strongly on the magnetic anisotropy and we explain this 
phenomenon in terms of competing cubic and uniaxial anisotropies in the samples.  
 
The experiments were performed using two optimized 20 nm thick Ga1-xMnxAs 
epilayers with a distinct Mn content. The samples were grown on a GaAs(001) substrate by 
low-temperature molecular beam epitaxy and annealed in air. The nominal Mn doping (x), 
Curie temperature (TC) and equilibrium hole concentration (p0) are 3%, 77 K and 6.6  1020 
cm-3 for sample A, and 7%, 159 K and 1.4  1021 cm-3 for sample B, respectively.13 The 
magnetic anisotropy of the samples was studied by the superconducting quantum interference 
device (SQUID). The laser pulse-induced dynamics of magnetization was studied by the 
standard time-resolved magneto-optical (MO) technique.8 As a light source, we used the 
Ti:sapphire laser that was tuned above the material bandgap (h = 1.64 eV) and that produced 
laser pulses with a repetition rate of 82 MHz and a pulse width  200 fs. The polarization of 
the pump pulses was circular (with a helicity controlled by the wave plate) and the probe 
pulses were linearly polarized along the [100] crystallographic direction. The energy fluence 
of the pump pulse was ~ 28 Jcm-2, with the pump to probe intensity ratio 20:1. The time-
resolved MO data reported here correspond to the polarization-independent part of the pump-
induced rotation of probe polarization, which was computed from the as-measured data by 
averaging the signals obtained for the opposite helicities of circularly polarized pump 
pulses.11 The measured magneto-optical signals are due to the polar Kerr effect (PKE), which 
is sensitive to the out-of-plane component of magnetization, and magnetic linear dichroism 
(MLD), which is sensitive to the in-plane component of magnetization.11 The samples were 
placed in a cryostat at the temperature of about 15 K. The external magnetic field Hext ranging 
from  0 mT (i.e., smaller than 50 T) to 550 mT was applied in the [010] crystallographic 
direction. In all time-resolved experiments we first applied Hext = 550 mT and than we 
reduced the field to the required value. This initialization procedure was used to set the 
magnetization in the easy axis position that is the closest to the [010] crystallographic 
direction.  
 
In order to investigate the influence of the magnetic anisotropy on the magnetization 
precession in Ga1-xMnxAs we focused on two samples with a different Mn content because the 
concentration of Mn atoms is one of the crucial parameters that determine the magnetic 
anisotropy in this material. Under equilibrium conditions, the magnetization is oriented in the 
easy axis direction, i.e. in the crystallographic direction that corresponds to the minimal 
energy of the system if no external magnetic field is applied. The position of the easy axis is 
given by the overall magnetic anisotropy that is quite complex in (Ga,Mn)As. It consists of 
two competing contributions. The first one is the biaxial [100] / [010] anisotropy which 
originates from the cubic symmetry of the GaAs host lattice. The second one is the growth-
induced uniaxial anisotropy.14 These anisotropies are strongly dependent on the carrier 
concentration and on the lattice temperature.15 The investigated samples were grown on GaAs 
substrate and, consequently, they are compressively strained that resulted in the in-plane 
position of the easy axis. 2, 15  
In Fig. 1(a) we show the measured temperature dependent magnetization projections 
to [100], [-110] and [110] in-plane crystallographic directions in sample A. From the data it is 
clearly apparent that in the low temperature region (from 5 to  20 K) the cubic anisotropy 
dominates, because the magnetization exhibits a maximal projection along the [100] direction. 
However, the contribution of the uniaxial anisotropy is not negligible as can be seen from the 
non-equal projections along the directions [-110] and [110]. This shows that at low 
temperatures the easy axis position is slightly tilted from the [100] direction towards the 
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[-110] direction. With the increasing temperature, the cubic anisotropy is quenched faster than 
the uniaxial one15 and, consequently, above  30 K the uniaxial anisotropy prevails. On the 
other hand, in sample B the uniaxial anisotropy dominates even at low temperatures that is 
clearly apparent from the small magnetization projection along the [110] direction. (We note 
that in sample B the temperature-induced quenching of magnetic anisotropies was so strong 
that above  100 K the measured data were strongly influenced by the magnetic field of 2 mT 
that was present in the SQUID during the measurement. Consequently, above  100 K the 
data could not be used for a reliable determination of the magnetic anisotropy in this sample.) 
In Fig. 1(c) and 1(d) we show the schematic illustrations of the four equivalent easy axis 
positions with respect to the main crystallographic directions in the investigated (Ga,Mn)As 
samples at 15 K. The observed magnetic anisotropies are fully consistent with the reported 
experimental16 and theoretical15 results and confirm the expected relative enhancement of the 
uniaxial anisotropy with the increasing Mn doping.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Temperature dependence of magnetization projections to different crystallographic directions measured 
by SQUID in Ga1-xMnxAs samples with (a) x = 0.03 and (b) x = 0.07. (c) and (d) Schematic illustrations of four 
equivalent magnetization easy axis positions (red arrows) with respect to the main crystallographic directions 
[100] and [010] at 15 K for samples with x = 0.03 and x = 0.07, respectively.  
 
In Fig. 2 we show the measured MO signal that is induced by the impact of pump 
pulses in sample A – the oscillatory signal is a signature of the laser-induced precession of 
magnetization.6-10 The data can be fitted well by the exponentially damped harmonic function 
(see Fig. 2b) that is superimposed on a pulse-like background (see Fig. 2c)8, 12: 
    pG tttt CeetAtMO //cos        (1) 
where A and C are the amplitudes of the oscillatory and pulse-like function, respectively, ω is 
the angular frequency of precessing Mn spins, Δ is a phase factor, τG is the Gilbert damping 
time, and τp is the damping time of the pulse-like background. This analytical formula 
describes the phenomenological model,11 where the signal is decomposed into a precession of 
magnetization around the quasi-equilibrium easy axis and into the laser-induced tilt of the 
easy axis. The oscillatory signal is strongly dependent on the external magnetic field Hext. In 
Fig. 2 we show the data measured in sample A for two different magnetic fields applied along 
the [010] direction. In this sample, the external magnetic field suppresses the precession 
amplitude – see Fig. 2(b). On the contrary, as illustrated in Fig. 3, the precession amplitude 
can be strongly enhanced by Hext in sample B. The markedly different response of the 
precession amplitude to Hext in samples A and B is clearly apparent also from Fig. 4(a). We 
should note here, that the application of Hext influences also the equilibrium position of 
magnetization in the sample plane. Consequently, the magneto-optical response of the 
material can be changed due to the modification of the MLD magneto-optical coefficient, 
which depends on the angle between the magnetization and the linear polarization of the 
probe pulses.11 This effect is negligible in sample A because Hext is applied rather close to the 
easy axis and thus the equilibrium position of magnetization does not change much with Hext. 
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In sample B, the equilibrium position of magnetization is shifted monotonously from the easy 
axis towards the [010] direction [see Fig. 1(d)] with increasing Hext. And even though this 
effect alters the MO response of the sample B it could not be the origin of the observed non-
monotonous dependence of the precession amplitude on Hext.  
 
 
 
Fig. 2: (a) Time-resolved magneto-optical (MO) signal measured at 15 K in Ga1-xMnxAs sample with x = 0.03 
for 0 mT and 80 mT external magnetic field applied along the [010] crystallographic direction (points). Solid 
lines are the fits by Eq. (1) – i.e., by a sum of the exponentially damped harmonic function and the pulse-like 
function, which are plotted separately in (b) and (c), respectively. The parameters of the fits are: A = 114 μrad, τG 
= 117 ps, ω = 29.4 GHz, Δ = 222 ˚, C = 18.5 μrad, τp = 880 ps and A = 20 μrad, τG = 213 ps, ω = 50.3 GHz, Δ = 
211 ˚, C = -14 μrad, τp = 175 ps for 0 mT and 80 mT, respectively. 
 
 
 
Fig. 3: Same as Fig. 2 for Ga1-xMnxAs sample with x = 0.07. The parameters of the fit are: A = 1.0 μrad, τG = 
1560 ps, ω = 21.0 GHz, Δ = 280 ˚, C = -3.6 μrad, τp = 1500 ps and A = 8.0 μrad, τG = 1580 ps, ω = 43.6 GHz, Δ = 
130 ˚, C = -2.9 μrad, τp = 1180 ps for 0 mT and 80 mT, respectively. 
 
For the interpretation of the measured phenomena it is necessary to analyze the origin 
of the laser-induced precession of magnetization in detail. Absorption of a strong laser pulse 
in (Ga,Mn)As leads to a photogeneration of electron-hole pairs and to an increase of the 
sample temperature.7, 9, 11 As already described above, both the cubic and the uniaxial 
anisotropies depend strongly on the concentration of holes and on the sample temperature but 
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the dependences are rather different for them.15 The impact of the pump pulse can modify the 
relative strength of these anisotropies and, therefore, it can change the position of the easy 
axis in the sample. This, in turn, triggers the precessional motion of magnetization which aims 
at pointing to this new quasi-equilibrium position where the energy of the system is 
minimal.11 Nevertheless, the increase of the holes concentration and/or of the sample 
temperature does not always lead to the reorientation of the easy axis. For example, if the 
uniaxial anisotropy were far much stronger than the cubic anisotropy, the easy axis would be 
always located at [-110] crystallographic orientation. This shows that the laser-induced 
change of the easy axis position, which is triggering the precession of magnetization, can be 
observed only if the contribution of the cubic and the uniaxial anisotropies to the overall 
magnetic anisotropy in the sample are “comparable” (i.e., when the corresponding anisotropy 
fields contribute “similarly” to the free energy density F in the sample14). The external 
magnetic field Hext appears as another uniaxial anisotropy in the sample (Zeeman term in F).14 
In our particular case, Hext is applied along the [010] crystallographic direction. Therefore, an 
increase of Hext modifies F in such a way that it deepens the energy minimum connected with 
the cubic anisotropy which is located along the [010] direction. We also recall that prior to the 
time-resolved experiments we always performed the initialization procedure that prepared the 
magnetization in a state that was the closest to the [010] crystallographic direction. In the case 
of sample A, the position of the easy axis – i.e, the position of the minimum of F without the 
external field – is given mainly by the cubic anisotropy [see Fig. 1(c)]. Consequently, the 
application of Hext deepens even more this energy minimum and, therefore, reduces the 
precession amplitude [see Fig. 4(a)]. The precession amplitude for the highest values of Hext is 
nearly zero in this sample because at these field levels the position of the energy minimum is 
given solely by the direction of Hext, which does not depend at all on any change induced in 
the sample by the laser pulses. In sample B the uniaxial anisotropy dominates [see Fig. 1(d)] 
and the magnetic field again deepens the energy minimum due to the cubic anisotropy along 
the [010] direction. The measured non-monotonous dependence of the precession amplitude 
on Hext [see Fig. 4(a)] is a signature that for weak magnetic fields (up to  80 mT) the 
sensitivity of the energy minimum position to the laser-induced changes of the cubic and 
uniaxial anisotropies is increasing. For larger Hext the precession amplitude is decreasing for 
the same reason as in the sample A. 
The application of Hext leads to the monotonous increase of the precession frequency ω 
– see Fig. 4(b) – that is in accord with the predictions of the classical gyromagnetic theory.14 
The measured data can be fitted by the equation12 
))(2/4( 424   HHHMHH exteffext   (2) 
where 4πMeff = 4πM – H2, and ║, H2║ and H2are the in-plane cubic, in-plane uniaxial 
and perpendicular uniaxial anisotropy fields, respectively, and 4πM represents the 
demagnetization term.14 Due to the high number of parameters, the fitting of the measured 
data by equation (2) determines the corresponding anisotropy constants ambiguously. In order 
to get the correct value of the anisotropy constants, we had to take into account also the 
magnetization easy axis position that was determined by SQUID (see Fig. 1(c) and 1(d)). In 
the fitting, we used the gyromagnetic ratio  = 2.2 x 105 mA-1s-1, which corresponds to Mn 
g-factor of 2, and we obtained 4πMeff = 236 mT, H2║= 65 mT, ║ = 98 mT for sample A and 
4πMeff = 266 mT, H2║= 60 mT, ║ = 64 mT for sample B. Equation (2) also explains why the 
precession frequency in samples A and B is quite distinct at 0 mT (where the corresponding 
frequency difference is ≈ 30%) but nearly the same at 550 mT (where the frequency 
difference is ≈ 1%). Without external magnetic field, ω is given solely by the anisotropy 
constants, which are quite distinct in these two samples, but for higher values of Hext the 
influence of the samples magnetic anisotropy on  is strongly suppressed.  
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Fig. 4:  Magnetic field dependence of (a) normalized precession amplitude A and (b) precession frequency ω 
(points). The lines in (b) are fits by Eq. (2) with parameters described in the main text. 
 
In conclusion, we studied the laser-induced magnetization precession in (Ga,Mn)As. 
We concentrated on two samples with a different Mn doping that have quite distinct magnetic 
anisotropy. We showed that the external magnetic field strongly influences the precession of 
magnetization. If the magnetic field is applied close to the magnetically easy direction, the 
precession amplitude is quenched by the field. On the other hand, if the field is applied in the 
magnetically hard direction, the precession amplitude can be strongly enhanced. The 
anisotropy fields of the material can be deduced from the magnetic field dependence of the 
precession frequency. 
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